The mathematical description of process of the thermal combined laser and plasma impact on a material taking into account ring influence of plasma is developed. Results of modeling of process of heating of Steel 45 by laser, ring plasma and combined laser and plasma energy streams.
Introduction
One of the most effective methods of treatment of metal alloys is the use of the plasma flow and the laser radiation. Selection of the optimal technological modes of such processing is carried out on the basis of solving the appropriate problems theory of heat conduction. However, many known calculation formulas [1, 2, 5] are obtained for the separate use of these sources of concentrated energy. Hybrid laser-plasma processing of materials treated as a model with the joint point and one-dimensional ring sources of energy. Above shows, necessity of carrying out theoretical studying the process of heating with a laser beam at the center of the annular plasma source (Fig. 1 ).
Figure 1: Model of a semibounded body heated by hybrid heat source: q, q l -the specific heat flux from the plasma and the laser source, respectively; R -radius of the laser radiation; R1, R2 -the inner and outer radii of the plasma source.
In the case of a stationary combined source the task is reduced to the solution of two separate problems with the application of the theory of superposition: body heating by circular energy source -the laser beam and body heating by annular source -plasma flow [3] . Processing of the material is conducted in the field of laser radiation exposure, temperature calculation possible to conduct only for the joint axis laser-plasma source.
The solution
We will consider the pattern that occupies the halfspace 0 ≥ z . For the first problem, there is a ready solution of the form [1] : 
), the temperature gradient along the normal z to the boundary of the body is missing, i.e. there is ideal thermal insulation. Take the origin of coordinates at the center of the circle to match the first task, (
) on the surface 0 = z . Changing the temperature occurs in the two directions r and z. Mathematically formulated the problem reduces to solving the following system of differential equations [4] : for the region for the region for the region The initial conditions for the described system will have the form
The boundary conditions for the ring-shaped plasma treatment are of the form:
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Solution of the system of differential equations with given boundary conditions is carried out using the infinite integral transforms Fourier and Laplace. Applying successively the cosine Fourier transform and Laplace transform, the original system of differential equations takes the form: for the second region: . In accordance with the boundary conditions, the constant of integration 0 3 = A . To determine the constant of integration 1 A is possible to use the conjugation conditions areas on the spatial boundaries isotropic semi-infinite body: Function takes the form:
Recorded values of the integrals are particular type integrals Sonin-Gegenbauer.
With into account expression of the modified Bessel function of the second kind of half-integer order in terms of elementary functions can be written: sec. The third calculation was carried out for the combined influence, while plasma flow impacted with 5 sec., and only then, when the coefficient of absorption of the laser became equal to 0.99, there was a combined effect of laser plasma source and the duration of 1 ms. In the case of joint simultaneous action of a laser and plasma impact for 25 s., the temperature distribution along the axis is not very different from the third calculation. This settlement model can be used for determination of necessary power of the combined source for material processing, in particular hardening, cutting, cladding.
